Abstract Noodles are popularising among all age groups and all region throughout the World. To cater the demand of consumer noodles should be shelf-stable. Noodles prepared from chemically modified ingredients were studied for their keeping quality at two different conditions namely, ambient (27°C, 65% RH) and accelerated (37°C, 92% RH) for the period of 180 days (6 months). Samples were withdrawn at regular intervals and analysed for their physico-chemical and nutritional parameters. Results showed that Maximum cooking loss was observed in GP-OCT (180 days) 5.9% and was with in the acceptable range (8%). Firmness of noodles increased on storage up to 60 days later reduced. Starch digestibility increased 5-8% in all the samples upon storage. EGI of samples increased 10-15% on storage. Samples prepared with chemically modified ingredients were acceptable till the end of 180 days (2 samples) with good acceptability and low EGI without affecting its quality. Hence, it can be concluded that noodles prepared with modified ingredients using chemicals are shelf-stable up to 6 months at ambient condition.
Introduction
Noodle products are becoming progressively popular all over the world, because of its ease of preparation and good palatability. It is consumed by most of the population irrespective of age, region and life-style (Bui and Small 2009) . As noodles are mainly formulated using refined wheat four, it is not recommended for the people with diabetes. Because of its high glycemic index (GI) effect. For them low glycemic foods will be beneficial as there will be a gradual release of glucose to the blood ( Thompson et al. 1984) . As noodles categorised as high GI because they are sheeted and cut to strands, entrapment of starch in proteins is absent as in case of pasta, which is low GI. To cater the need of consumers with diabetes, low GI noodles are in demand. To fulfil the demand, noodles should be shelf-stable for long time. During storage period it should not lose its properties, so studying the shelf-life of the noodles is very essential. Any food product which is reaching consumers should be tested for its shelf-life before entering to the market (Gacula 1975) . Shelf-life studies are conducted on all the food groups and types, including from solid, semi-solid and liquid foods. For different samples there will be different storage techniques, mainly the samples will be stored to simulate the process during transport and on shelf in market. Food can be exposed to several external conditions such as humidity, temperature, light and atmospheric oxygen (Kongkachuichai et al. 2007 ). Prepared noodles with respective health benefits should be shelf stable to maximum extent without deteriorating its quality characteristics until it reaches the consumers is an important task (Polydera et al. 2003) . Pasta and noodle products can be stored up to 8-12 months with less deterioration in the quality characteristics (Kruger et al. 1996) . As these products were dried and packed, the stability of the product has been increased to the maximum extent. For many food products in the market there will be allowed preservative levels which are regulated by the particular government of the country. These preservatives increase the shelf-life of the product especially semi-solid and liquid foods and also have minor effect on the human healthy at when consumed regularly at long run (Kruger et al. 1996) . So, for the dried products such as pasta and noodles products do not require preservative, unless it is given in the form of fresh noodles (yellow alkaline noodles) (Konik et al. 1994) . On basis of the literature and regular practice storage of the noodles will be performed in two conditions (ambient and accelerated) for dried noodles and refrigerated conditions for fresh noodles. Objective of the present study is to analyse the shelf-life of the noodles with modified ingredients and to determine its physicochemical and nutritional aspects influenced by storage period.
Materials and method
Procurement and pre-processing of raw materials All the ingredients required such as rajma beans, oats, Triticum durum wheat and Triticum dicoccum wheat were procured from local market were cleaned to remove the foreign particles and were ground in local chakki mill to suitable particle size flours. Guar pods (cluster beans) was procured from the market, cleaned and blanched according to the procedure of Ranganna (1986) , cut into smaller portions and dried in a cabinet tray drier and ground in a lab mill to fine powder (100 lm). All the flours obtained were sieved and stored at air-tight packages until the end of the study. Enzymes such as pepsin, invertase, amyloglucosidase and pancreatic a-amylase were procured from Sigma Chemicals, USA. All other chemicals used for modification were of analytical grade unless and otherwise mentioned.
Modification of ingredients by altering pH and Esterification using octenyl-succinic anhydride and succinic anhydride Optimized levels of the low GI ingredients were set and taken for modification on basis of preliminary studies on modified ingredients (Bharath Kumar and Prabhasankar 2017) . For chemical modification by altering pH sodium bicarbonate was used. Succinic anhydride and octenylsuccinic anhydride were used to esterify the ingredients. Modification procedure was adopted by Bharath Kumar and Prabhasankar (2017) . In short; optimized formulation blends were brought to alkaline pH while mixing in the Spar mixer with the addition of sodium bicarbonate, dough was checked frequently for stable pH using pH analyzer. For esterification (Han and BeMiller 2007) octenylsuccinic anhydride (3.0% of the weight of starch in the sample) and succinic anhydride (4% starch basis) were added, by maintaining the pH of the dough at 8.5. Low GI ingredients such as T. dicoccum wheat flour and rajma flour were modified by altering the pH to 9.0 (DI-9.0 and RF-9.0 respectively), oats flour is esterified with succinic anhydride (OF-SUC) and Guar powder is esterified with octenylsuccinic anhydride (GP-OCT). With these a control was formulated consisting of T. durum wheat flour.
Noodle formulation and optimization
On basis of the preliminary analysis carried out on noodles with modified ingredients five variants of noodles (including Control) were taken for the shelf-life study. These selected samples were analysed for different quality parameters at selected withdrawal period. Noodles were prepared using Lab Scale Noodle making machine (Imperia Restaurant-RM 220, Italy) adapting the procedure used by Bharath Kumar and Prabhasankar (2015) . Later these dried noodles were taken for shelf-life study.
Shelf-life study
Prepared noodles were packed in HDPE bags and stored under two different conditions namely, ambient (27°C, 65% RH) and accelerated (37°C, 92% RH) conditions for the period of 180 days (6 months). Ambient condition represents room temperature storage in which product will retain its quality characteristics to maximum extent. Whereas, in case of accelerated condition, due to elevated temperature and humidity product behave differently. To understand the effect of these elevated conditions on the product quality parameters accelerated condition storage was planned. Samples stored at these conditions were analysed for its physico-chemical, sensory and nutritional characteristics to apprehend the influence of storage on the samples. Samples (placed at both ambient and accelerated) were withdrawn at 30 days interval to perform the above mentioned analyses. Noodles stored at both ambient and accelerated conditions were withdrawn at an interval of 1 month and analysed. Analyses were completed within 3-4 days of withdrawal, in the order accelerated samples and ambient samples.
Cooking quality
Cooking quality characteristics of noodles were analysed for each withdrawal of all the samples to determine the influence of storage on the cooking behaviour and cooking loss. Noodles were subjected to cooking quality evaluation adopting the standard method from AACC (66-50) (AACC 2000) . Noodles were cut into approximately 5 cm in length. 25 g of the samples were weighed and placed in 250 ml of boiling water. Soon after that time was noted to know the cooking time of the noodles. Noodles were examined at particular intervals by placing between two glass petri plates and observed the absence of white core portion in case of dried noodles, indicating complete cooking of noodles. Total time taken to get completely cooked was recorded. Later the gruel was drained and analysed for the solid leach out analysis. Samples were analysed for its colour, texture and sensory quality characteristics soon after preparation.
Colour measurement
Noodles were analysed for its colour parameters using Lab scan-XE (Reston, USA). The colour instrument was equipped with D-65 illuminant with a 2°angle view and with a 2 mm width slit adopting the method used by Bharath Kumar and Prabhasankar (2015) . The parameters analysed for the noodle samples includes L*, a* and b*. Where, L* value indicating the lightness (L = 100)/darkness (L = 0) dimensions, a* value indicating redness (? ve) to greenness (-ve) and b* value indicating yellowness (? ve) to blueness (-ve) of the samples (Hutchings 1994) The obtained values for the noodles were taken for the analysis of pasta colour index (PCI). For the analysis of PCI, L* (a lightness indicator) and b* (a yellowness indicator) were taken to get the standard colour index of the pasta. When the pasta incorporated with other ingredients (modified or unmodified) the PCI m was calculated using the values L*, a* and b* as explained by Ugarcic-Hardi et al. (1999) using the formulae:
Firmness
Firmness of the noodles (both fresh and dried) was measured using the Texture analyser TA-XDi (Stable Micro Systems, UK) equipped with Warner-Bratzler blade for shear. Five noodles with distinct strands were selected and placed adjacent to each other on the sample plate and sheared using the blade mentioned above. Parameters used for the analysis are; Load cell: 250 kg; Pre-test speed: 1 mm/sec; Test speed: 1.67 mm/sec; Post-test speed: 10 mm/sec; Trigger force: 0.39 N. Peak force required for shearing of the noodles was recorded in Newton (N/mm). The average of five replicates was reported. The data thus obtained were analyzed statistically using Duncan's Multiple Range Test (DMRT) (Duncan 1955) .
Sensory analysis
Prepared noodles were evaluated for its quality characteristics and for its acceptance. Panelists who regularly participate in evaluating the noodles were selected (male and female: 10-15). Quantitative descriptive analysis (QDA) method to analyze the products was used for the study (Bharath Kumar and Prabhasankar 2015) .
In vitro starch digestibility (IVSD)
In vitro digestibility of starch was analysed using the modified method used by Bharath Kumar and Prabhasankar (2015) . In brief; Freeze dried and ground sample (50 mg) was dispersed in 4 ml of sodium acetate buffer (pH 4.6, 0.4 M) containing Amyloglucosidase was incubated in water bath for 45 min at 60°C. Later enzyme was inactivated by placing the tubes in boiling water bath for 15 min. The tubes were cooled to room temperature and then centrifuged at 5000 rpm for 10 min. Supernatant was measured for its glucose content using a glucose oxidaseperoxidase (GOD-POD) kit (Autospan, Span Diagnostics limited, India). Absorption was measured at 505 nm and the glucose concentration was converted into starch content using a conversion factor 0.9. Each sample was analysed in triplicates.
Estimated glycemic index (EGI)
In vitro glycemic index was analysed using the method of Englyst et al. (1992) . 50 mg of sample was cooked in 5 ml of distilled water for 3-5 min. Ten ml of hydrochloric acid and potassium chloride (HCl-KCl) buffer (pH 1.5) was added to the cooked sample with 0.2 ml of pepsin solution (1 g pepsin in 10 ml HCl-KCl buffer). This was incubated at 40°C for 1 h at shaking water bath. After incubation the mixture was made up to 25 ml with Tris-Maleate buffer (pH 6.5) with the enzyme solution a-amylase (5 ll-2.6 U). The reaction mixture was incubated at 37°C in a shaking water bath maintaining the constant shaking for the continuous reaction. During incubation an aliquot of 1 ml in duplicates were withdrawn from the mixture at 30, 60, 90, 120, 150 and 180 min time intervals into different tubes. These tubes were immediately kept in boiling water bath (100°C) for 5 min to inactivate the enzyme activity and stored in refrigerator until the end of the incubation time (180 min). At 180 min the tubes were removed from the shaking water bath and the enzyme was inactivated. Later all the tubes from the refrigerator were removed and equilibrated to 60°C in the water bath set at the same temperature. To the tubes 3 ml of sodium-acetate buffer (0.4 M, pH 4.7) was added with 60 ll of amyloglucosidase enzyme solution. These tubes were incubated at 60°C for 45 min at shaking water bath. Later volume of the reaction mixture was adjusted to 10 ml with distilled water. An aliquot of 0.5 ml was incubated with GOD-POD reagent to estimate the glucose content in each withdrawal.
The values obtained for the starch hydrolysis were plotted against different time intervals. The hydrolysis index (HI) was calculated considering the area under the hydrolysis curve expressed as a percentage ratio of area under the curve for the test food and standard food (white bread).
HI =
Area under the hydrolysis curve for the test food Area under the hydrolysis curve for the standard food Â 100
Estimated glycemic index (EGI) was calculated using the values obtained for HI and substituting in the following equation stated by Goni et al. (1997) :
Starch profile analysis
Analysis of in vitro rapidly digestible starch (RDS), slowly digestible starch (SDS), resistant starch (RS) and total starch (TS) were analysed and also free glucose (FG) and total glucose (TS) were determined using the method of Englyst et al. (1992) . Conversion factor used was 0.9 to convert glucose to starch. Each sample was analysed in triplicates. RDS, SDS, RS and TS were calculated using the following equations;
where, G20 is the value of glucose hydrolysed during the first 20 min of in vitro digestion, G120 is the value of glucose hydrolysed after 120 min of in vitro digestion.
Microstructural characterization
Microstructural characterization was performed for samples stored till 180 days (6 months) to understand the interaction of the matrix and changes during storage. Only the samples which are acceptable and had a promising result in the in vitro analyses were taken for the analysis as per the procedure given by Bharath Kumar and Prabhasankar (2017) .
Statistical analysis
The mean scores of individual attributes of all the tests were calculated according to DMRT (Duncan 1955) to the data to find the significance difference between mean values of the samples using Statistica 99, V 5.5, Stat Soft, USA.
Results and discussion
Results of the shelf-life study are discussed in this section, including the effect of modification on the noodle quality characteristics. Noodles were analysed during different time intervals. Noodles were also analysed for the changes in cooking quality, physico-chemical, sensory and nutritional properties.
Analysis of initial sample (0 day)
Initial samples were analysed before proceeding to the storage process in two different conditions. Analysis includes chemical composition, physico-chemical, sensory, microstructural and nutritional analysis.
Chemical composition analysis (Table 1) revealed that with modification there was a reduction in moisture content of some samples. This may be due to the modification and processing steps, which alters the internal structural arrangement and also loss of moisture in the samples. Proximate analysis resulted (Table 1) higher moisture in DI (9.0) with 8.2%, protein in RF (9.0) with 1.4%, fat in DI (9.0), OF (SUC) with 1.19%, 1.14% respectively and ash in DI (9.0) with 1.59% compared to control and other samples. Cooking quality analysis results (Table 1) were almost similar for the modified initial samples. For the initial sample cooking time was highest for RF (9.0) sample, as the rajma requires more time to cook completely compared to other ingredients (Parveen and Chakravarty 2014) . Least cooking time was observed in OF (SUC) sample, because of its rapid cooking properties. Cooked weight increased with different modification process and all the samples had higher cooked weight compared to Control noodles. Cooking loss was within the standard acceptable range (8%) for all the noodle. Colour and firmness values did not show any significant difference compared to Control sample.
In vitro analyses of the noodles (Table 1) indicated that with modification, IVSD reduced significantly with the lowest in case of DI (9.0) with the percentage digestibility of 46, which was half the value as compared to control noodles (74%). Starch fraction analysis indicated the reduction in RDS and increase in SDS, RS with modification. Lowest RDS was observed in DI (9.0) compared to Control. Simultaneously SDS increased significantly with modification. Highest SDS value of 42% was reported in OF (SUC) and in RF (9.0) with lowest (22%). This may be due to high amount of soluble dietary fiber in oats and high amount of insoluble dietary fiber in rajma flour. Resistant starch content of the sample also differ significantly with modification with highest of 6.8% observed in RF (9.0), compared to Control (1.8%). Estimated glycemic index content of the modified samples reduced to maximum extent with modification and all the samples fall below the value of 55, considered to be low GI foods. Sensory analysis of the modified noodles ( Fig. 1-0 day) indicated that with modification there was a significant change in firmness and chewiness of the noodles. The results revealed that modification of ingredients improved some of the quality attributes of noodles and are acceptable even after the modification. Strands were distinct and firmness was improved for modified RF sample, even after modification. All the samples were acceptable after modification, with overall quality of all the samples was above 8.0 on 15 cm QDA scale.
Storage study of noodles with chemically modified ingredients
Influence of storage on cooking quality Samples stored at ambient and accelerated conditions during the storage period were analysed for the cooking quality characteristics and the results were compared with the 0 day samples. Results of the analysis indicated that during storage at ambient condition cooking time reduced significantly in all the samples, simultaneous reduction in the cooked weight of the noodles was also reported. Reduction in cooking time may be due to slight increase in the moisture content of the noodles stored at ambient condition (Pangloli et al. 2000) . Cooking loss indicated that on storage the loss increased significantly in all the samples till the end of the study. Maximum increase was observed in 5.9% (GP-OCT, 180 days). Samples stored at accelerated condition resulted in increased cooking time in all the samples, this may be due to the reduction in moisture content of the sample during storage. This reduction in moisture content of the noodles increases the time to hydrate and cook the noodles compared to the initial sample (0 day). Cooking loss increased in all the modified samples except in case of Control noodles, but within the standard limits (8%). Increase in cooking loss may be due to the disruption of internal matrix during storage eventually reducing water uptake and increasing the leach out during cooking. Samples such as Control noodles, OF (SUC) and GP (OCT) were stable till the end of 120 days at accelerated condition.
Influence of storage on colour parameters
Colour values of the sample stored at ambient temperature did not show any significant difference on storage up to 60 days (Table 2 ). Samples stored beyond 60 days showed decline in L* value indicating the deterioration of the surface colour of the noodles. This may be due to the moisture uptake by the samples during storage. Oxidation of the samples also contributes to the loss of surface colour during storage. Other colour values such as a* and b*, indicators of noodle quality also followed the same trend as L* value. Samples stored at accelerated condition indicated significant changes in the colour values during storage compared to 0 day samples. These obtained colour values were higher than the 0 days sample values. Results of the study indicated that storage condition and period of storage has a direct effect on altering the surface colour of the noodles and also other food products (Chakraborty et al. 2003) . This is due to changes in the surface charateristics of the products during storage.
Influence of storage on firmness
Firmness of the noodles stored at ambient condition increased significantly up to 120 days, maximum increase was observed in Control and RF (9.0) samples with 2.9N and 3.8N respectively (Table 2) . After 120 days of storage, further increase in the storage period decreased the firmness of the samples. This may be due to the increase in the moisture content of the noodles during storage. The increase and decrease in the firmness may be due to the moisture uptake during storage and water uptake during cooking of noodles (Rho et al. 1988) . Increase in the firmness of the noodles can also be attributed to the surface characteristics, which losses to retain moisture after cooking when the stored samples were cooked after certain period of time. Samples stored at accelerated condition showed higher firmness during 60 days of storage. Samples such as Control noodles, DI (9.0), RF (9.0) and OF (SUC) showed firmness of about 7.4N, 7.5N, 6.1N and 5.4N respectively at the end of 60 days, which were around 3.3N, 4.4N, 4.5N and 3.5N respectively at 30 days of b Fig. 1 Sensory profiles of noodles prepared with modified ingredients. CON control noodles with 100% T. durum, DI(9.0) T. dicoccum flour modified with pH 9.0, RF(9.0) Rajma flour (20%) with T. durum modified with pH 9.0, OF (SUC) Oats flour (30%) with T. durum modified with succinic anhydride, GP (OCT) Guar powder (10%) with T. durum modified with octenyl-succinic anhydride. storage. This may be due to the loss of moisture content in the noodles during storage at accelerated condition. Further storage reduced the firmness of the samples to 4.0N and 2.5N (Control and OF-SUC). This may be due to disruption of starch-protein matrix and fiber matrix during storage. So, from the result it is evident that firmness of the noodles is directly affected by the storage condition and storage period.
Influence of storage on in vitro starch digestibility
Results indicated that on storage IVSD increased significantly in all the samples ( 
Influence of storage on starch profile
Results indicated (Fig. 2 ) that on storage RDS increased significantly at the end of 180 days of storage in Control and OF (SUC) samples from 77.3% and 42.5% to 81.2% and 52.2% respectively. This indicates storage at ambient condition increases the RDS content of the sample, which eventually has an effect on GI of the noodles. As RDS increased during storage, SDS content gradually declined. The decrease in the SDS content may be due to the increase in the RDS content of the samples. Whereas, increase in the SDS content even though there was increase in the RDS content may be due to the increased fiber content and modification process making the sample to release the starch in the slow rate during in vitro digestion. Whereas, GP (OCT) showed reduction in the RDS content during first 30 days of storage from 41.2 to 39.1% respectively. This may be due to the insoluble and soluble dietary fiber and the modification of its constituents.
Influence of storage on estimated glycemic index
In vitro estimated glycemic index analysis was carried out for the samples stored at ambient condition. Results (Table 3) indicated that on storage of the modified samples the EGI value gradually increased. This may be due to the sample deterioration due to oxidation and enzyme activity to modify the glucose releasing property of the noodles (Takizawa et al. 2004; Choo and Aziz 2010) . EGI of the samples increased slightly during 30 days of storage from 75.9 and 41.8 to 76.1 and 46.2 for Control and GP (OCT) samples respectively. These results are evident by the IVSD and starch profile analysis. As the storage period proceeds the EGI values of the samples progressively increased and at the end of 180 days of ambient storage the values of Control, OF (SUC) and GP (OCT) samples were 80.5, 49.2 and 49.9 respectively. Even though the EGI increased the values were with in the low GI range. Samples stored at accelerated condition showed EGI values of 76.8, 42.2, 49.5, 42.1 and 39.2 for Control, DI (9.0), RF (9.0), OF (SUC) and GP (OCT) samples respectively. These results indicate that with samples stored under accelerated condition showed increase in the EGI value on 30 days of storage. On 60 days the EGI value further increased. The increase in the EGI is mainly because of the storage condition, due to high humidity content and elevated temperature samples are undergoing some changes in Table 1 their internal arrangement. Due to this samples are becoming more vulnerable to enzymatic hydrolysis even after modification. Estimated glycemic index of the samples increased slightly due to storage, as the digestibility of starch increased gradually due to storage of foods (Bravo et al. 1998) . However, at the end of 120 days of storage EGI values of the samples Control, OF (SUC) and GP (OCT) was 80.2, 49.5 and 46.2 respectively. So, at the end of 120 days samples were still with in the low GI range (\ 55). Hence these samples are stable and can be termed as low GI noodles.
Influence of storage on sensory properties
Sensory analysis of samples stored at ambient condition ( Fig. 1a-f ) indicated that on storage some of the quality attributes slowly deteriorates. Samples stored for 30 days indicated that there was no significant difference in their colour and appearance. Strand quality was also comparable for the sample with the 0 day samples. Attributes such as astringent and bitterness reduced slightly during storage, up to 60 days and disappeared on further storage, which may be positive change for noodle quality. Overall quality of all the samples was slightly reduced at the end of 30 days of storage, but there was drastic decline in the overall quality after 120 days of storage. But all the samples were acceptable by the panellists, with highest score of 12 on 15 cm QDA scale for Control noodles and lowest of 8.4 for GP (OCT) sample. During the period of 180 days of storage samples such as DI (9.0) was eliminated for the analysis on 120 days, because of the presence of off taste during 90 days analysis. In the same way samples such as RF (9.0) was excluded from 150 days analysis. Finally analysis at 180 days was carried out for the samples Control, OF (SUC) and GP (OCT). These three samples had overall quality score of 9.5, 7.5 and 7.3 on 15 cm QDA scale respectively. The analysis was terminated at this stage as the quality of samples started deteriorating with off taste and bitter after taste. So, by this it can be concluded that samples modified with succinic anhydride and octenyl succinic anhydride can be stored and consumed at the end of 180 days with less sample deterioration. Sensory analysis of the samples stored at accelerated condition ( Fig. 1g-l) indicated that there was a significant decrease in the surface colour of the sample due to storage in the high humidity and elevated condition. Strands were distinct and firmness increased slightly during 30 days of storage, this may be due to the loss of moisture during storage, which directly affects the cooking behaviour of the product. Further storage resulted in dullness of the surface colour of the samples. Firmness of the samples increased compared to initial samples. Chewiness reduced significantly due to storage, because of the moisture loss there was loss of interaction in the sample matrix leading to reduction in chewiness. Overall quality score of the samples in each month reduced gradually and some samples were eliminated at the end of each month starting from 90 days. Control, OF (SUC) and GP (OCT) were analysed on 120 days and the analysis was terminated at that point of time. This is due to the perceiving of slight off taste by the panellists and also reducing scores for the other quality parameters. At the end of the study these three samples had an overall quality score of 10, 8 and 7.9 respectively.
Influence of storage on microstructural characteristics
Microstructural analysis of the samples stored till 180 days were analysed (Fig. 3) . Micrographs indicate that with modification and storage at ambient condition there lays a major internal change, leading to changes in the cooking quality and also starch digestibility. These changes in the sample may be main reason for the increase in the EGI of the samples. There are no significant changes in Control sample at 0 days and 180 days of storage. Matrix shows slight deformation due to storage condition and time. In case of OF (SUC) disruption of internal structure can be seen evidently for 180 days of storage compared to 0 day sample. This can be supported by cooking loss and In-vitro digestibility analyses. As the number of storage days increased starch and protein matrix disrupted and release of starch will be easier and hence the digestibility increased (Alsaffar 2010) . The same trend was followed in the case of GP (OCT) sample, here the disruption is significantly higher compared to 0 days sample and also OF (SUC) samples. These results were also comparable to the solid leach-out during cooking and In-vitro digestibility analyses. 
Conclusion
Samples such as OF (SUC) and GP (OCT) modified with succinic anhydride and octenyl-succinic anhydride can be stored for 180 days with the GI value not exceeding 55. Samples indicated good textural properties and sensory characteristics. Thus these noodles with modified ingredients can be termed as low glycemic index noodles, which are suitable for the population with diabetes with its beneficial effects. Fig. 3 Micrographs of samples stored for 180 days at ambient condition. DM disrupted matrix, FM fiber matrix, SG starch granules; Sample abbreviations as per Fig. 1 
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